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Micronutrients play a central part in metabolism and in the
maintenance of tissue function. An adequate intake
therefore is necessary, but provision of excess supplements
to people who do not need them may be harmful. Single
micronutrient deficiency states are comparatively easily
recognised and treated. Subclinical deficiency, often of
multiple micronutrients, is more difficult to recognise, and
laboratory assessment is often complicated by the acute
phase response. Clinical benefit is most likely in those
people who are severely depleted and at risk of
complications, and is unlikely if this is not the case. There is
little evidence for supplements leading to a reduction in the
incidence of infections in the elderly population, in
coronary artery disease, or in malignant disease. The best
evidence for benefit is in critical illness, and in children in
developing countries consuming a deficient diet. More
clinical trials are required with good clinical outcomes to
optimise intake in prevention and treatment of disease.
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T
here is growing interest in the role of the
micronutrients (essential trace elements and
vitamins) in optimising health, and in

prevention or treatment of disease. This stems
partly from the increase in knowledge and
understanding of the biochemical functions of
these nutrients, but also from the extensive but
less well founded commercial claims for such
substances. It is important that doctors and other
health professionals are aware of the evidence
for the nutritional essentiality of these sub-
stances, and for the situations where an
increased intake may lead to clinical benefit.

This review will therefore consider current
knowledge of the requirements in health, those
people at risk of an inadequate intake, and the
conditions where supplements may be clinically
required. The review will focus only on the
generally accepted essential inorganic micronu-
trients (trace elements) and organic micronu-
trients (fat soluble and water soluble vitamins)
for which deficiency states, with biochemical,
physiological, or structural changes, have been
clearly reported—such states occur after pro-
longed consumption of a diet lacking the single
nutrient under consideration, and are uniquely
corrected by addition of the nutrient back into
the diet. Other nutrients for which there are no
confirmed deficiency states, but where supple-
ments are often taken, such as v-3 fatty acids,
glucosamine, coenzyme Q, will not be consid-
ered.

BIOCHEMICAL FUNCTIONS

N Cofactors in metabolism—trace elements are
frequently involved in modulating enzyme
activity or are an integral part of enzyme
prosthetic groups—for example, zinc is a
cofactor for over 100 enzymes, whereas
selenium is required in the form of selenocys-
teine within the enzyme glutathione perox-
idase.

N Coenzymes in metabolism—many vitamins or
metabolites of vitamins are required to play an
active part within complex biochemical reac-
tions, for example, riboflavin and niacin in the
electron transport chain, or folic acid as part
of methyl group transfer. These reactions are
critical to intermediary metabolism and
ensure utilisation of the major nutrients to
provide energy, proteins and nucleic acids.

N Genetic control—zinc ‘‘fingers’’ are transcrip-
tion control factors that bind to DNA and
regulate transcription of receptors for steroid
hormones and other factors.

N Antioxidants—much of the popular interest in
the micronutrients stems from the recognition
that many of the micronutrients have anti-
oxidant properties. Oxidative metabolism
inevitably leads to generation of reactive
oxygen species (ROS) or ‘‘free radicals’’,
which have the potential to cause further
oxidative reactions, especially to those parts of
the cell in a relatively reduced state, such as
cell membranes or nucleic acids.1 The poten-
tial to cause damage is limited by mechanisms
that include direct quenching of oxidant
activity by tocopherols (vitamin E) or carote-
noids (vitamin A), or enzyme systems to
dispose of the products of oxidation—super-
oxide dismutase (either zinc/copper or man-
ganese dependent) and glutathione
peroxidase (selenium dependent).

REFERENCE NUTRIENT INTAKES OF
MICRONUTRIENTS
Many countries have developed recommenda-
tions for intake of micronutrients in the normal
diet. These have been based on the observed
intakes in the healthy population, coupled with
small numbers of detailed nutrient balance
studies, and laboratory estimates of blood and
tissue status associated with particular levels of
intake. Values have been set for the intake of
each micronutrient below which a clinical
deficiency state is increasingly likely, or above
which a toxicity state is likely to develop.
Although these are relevant for populations, the
difficulty is to determine how adequate is the
intake for a particular person. This is especially

559

www.postgradmedj.com



the case for certain micronutrients where it is recognised that
there may be additional benefits in terms of tissue function if
the intake is somewhat greater than that needed only to
prevent a deficiency state from developing. An excellent
discussion of this is provided in the most recent editions of
the Dietary Reference Intakes published by the Institute of
Medicine in the USA.2 3

For practical purposes, the Reference Nutrient Intakes (RNI) in
the UK,4 and Dietary Reference Intakes (DRI) in the USA2 3 are
defined as the intakes of each micronutrient that meet the
requirements of almost all (97%–98%) of persons in the
group.

PEOPLE AT RISK OF AN INADEQUATE INTAKE
As the RNIs were largely established from the nutritional
intake of the healthy population, it follows that the typical
diet of the healthy population provides the necessary range
and amount of these nutrients. This is the basis of the widely
accepted dietary advice that five portions of fruit and
vegetables a day, as part of a mixed diet providing otherwise
adequate energy and protein will, over a period of time,
provide sufficient amounts of all trace elements and
vitamins.5 There are however a number of situations where
the intake may be less than adequate even in the healthy
population.

Are there sufficient amounts of the nutrient in the
typical healthy diet?
The national diet and nutrition survey has confirmed that
adequate intakes of most micronutrients can be obtained
from a typical diet in the UK, both in adults aged 19–646 and
in people aged 65 years and older7 although in young people
aged 4–18 there may be significant numbers with intakes
lower than the lower RNI for certain minerals.8 Of interest in
the main study in the 19–64 year group was the finding that
only 13% of men and 15% of women met the five a day
recommendation for fruit and vegetables, the mean intakes
being 2.7 portions and 2.9 portions respectively, but
biochemical evidence of poor status of vitamins was rare.6

However, laboratory tests of micronutrient status are
relatively insensitive, and absence of biochemical evidence
of deficiency does not imply optimal function.

In the case of selenium, it is now apparent that the content
of this element in the typical UK diet has been falling
progressively over the past 15–20 years.9 This has resulted
from the switch from use of wheat imported from North
America, where the soil has a high content of selenium, to
wheat grown in Europe and UK, where the soil content of
selenium is comparatively low. It is therefore now estimated
that the typical selenium intake in the UK is of the order of
35 mg/day, which is roughly 50% of the RNI for adults in the
UK (70 mg/day for men, 55 mg/day for women). This has led
to concentrations of plasma selenium that are not high
enough to provide optimum activity of the antioxidant
enzyme glutathione peroxidase.9 It can be concluded there-
fore that the dietary intake in the UK for selenium is probably
inadequate and this may well have harmful consequences.

There have however been few good clinical trials of the
benefits of additional selenium intake in the general
population, but a trial of selenium supplements (200 mg/day
in patients with a past history of skin cancer), showed that
this intake over a 4.5 year period led to a significant reduction
in the incidence of a number of types of cancer.10 This study
took place in America where selenium status is much higher
than in the UK, and therefore it is essential it should be
repeated in other parts of the world.

Socioeconomic effects
Many groups in the population have a poor intake of
nutrients as a result of a complex interaction between social

and economic circumstances. Thus people from a poorer
background may well take less fresh fruit and vegetables.6 7

Such groups may benefit from some form of micronutrient
supplement, although direct comparisons are lacking of
provision of supplements rather than improving dietary
intake.

Population groups with known poor intake or
increased requirements
Certain groups within the population are known to have a
poor or inadequate intake. For example, adolescents and
teenagers may have an inadequate intake of milk and other
sources of calcium,11 and elderly people in nursing homes and
residential care have an inadequate vitamin D intake.7

Furthermore, despite there being an adequate supply of most
micronutrients in the food available in nursing homes, there
is a high incidence of biochemical deficiency for most
micronutrients, including zinc, iron, vitamin C, and ribo-
flavin.7 There are many possible causes of insufficient intake
or absorption, including anorexia, inability to cut up food, or
poor food presentation.

Moreover, certain groups have increased requirements—
expectant mothers require increased folate both before
conception and in the first trimester,2 smokers require
additional vitamin C,3 and people who are recovering from
an acute illness or after surgery probably have multiple
requirements.12

It would be entirely appropriate for groups of this sort to
take supplements to ensure their total intake, including their
diet, was adequate.

CHANGES IN MICRONUTRIENT STATUS AS A
RESULT OF DISEASE
Nutritional status is profoundly affected by most disease
states, usually by a combination of increasing demand at a
time when there is reduced intake. This can particularly
affect micronutrient status:

Reduced intake

N Anorexia is common as a result of disease, for example,
because of chronic inflammation, acute infection, or
neoplastic disease. This is especially likely in the institu-
tionalised elderly population. As mentioned above, the
lower the protein energy intake, the lower the micronu-
trient intake.

N Chronic alcohol misuse leads to severe malnutrition with
multiple micronutrient depletion from inadequate intake.
Patients are at risk of acute vitamin deficiency as soon as
carbohydrates are provided—acute thiamine deficiency
leading to Wernicke’s encephalopathy is well reported.
This can be part of the more generalised refeeding
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Figure 1 Development of micronutrient deficiency.
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syndrome, with hypophosphataemia, hypokalaemia, and
fluid overload.13

N Inadequate supplements during parenteral nutrition (PN).
When patients are dependent on an intravenous supply,
adequate amounts of all vitamins and trace elements must
be provided. Many cases have been reported when this has
not been done, sometimes with very serious clinical
consequences.12

Increased requirements for metabolism

N The catabolism associated with acute infection, surgery, or
trauma leads to increased energy expenditure and net
protein breakdown. Requirements for water soluble
vitamins, as coenzymes for these metabolic pathways, will
be increased, as will the requirements for various trace
elements.4 Some intracellular elements, such as zinc will
be released during cell breakdown,14 so that increased
amounts may not be required at this time.

N Anabolism increases the requirement for all nutrients;
hence increased micronutrients should be supplied when
patients are gaining weight. Trace element deficiencies are
more likely when patients become anabolic, after a
prolonged period of catabolism.15

Increased losses
Any loss of body fluid will lead to loss of some micronu-
trients. The commonest deficiency is, of course, iron
deficiency as a result of menstrual or other blood loss.
Diarrhoea can be a significant cause of zinc deficiency,16

setting up a vicious circle of worsening diarrhoea as a result
of zinc deficiency. Losses from fistulas, burn exudates, or
dialysis, all lead to depletion of water soluble vitamins or
trace elements.

It is therefore important to recognise the various situations
where micronutrient status may be impaired as result of
disease, and ensure that patients receive an adequate intake,
either from their food, or from separate supplements.

CONSEQUENCES OF A MICRONUTRIENT INTAKE
INSUFFICIENT TO MEET REQUIREMENTS
Classic nutritional deficiency usually results in a complex
syndrome of typical signs and symptoms, and these have now
been fully characterised for each of the vitamins and trace
elements.17 It is however now clear that the full blown clinical
deficiency syndrome is the endpoint of a prolonged pathway.
With the exception of certain single nutrient deficiencies,
most clinical deficiency states are comparatively uncommon
in clinical practice in Western Europe. The most common
deficiencies are for iron, vitamin D, folate, and vitamin B12.
Such single nutrient deficiency states are comparatively easy
to recognise, diagnose, confirm with suitable laboratory tests,
and treat with the appropriate supplement.

However, milder forms of deficiency, often of multiple
micronutrients, are much more common and more difficult
to recognise. As a person develops progressively more severe
depletion of one or more micronutrients, they will pass
through a series of stages with biochemical or physiological
consequences. The metabolic or physiological penalty of such
a suboptimal status is usually not clear but the assumption
remains that this impaired metabolism is likely to have
detrimental effects. Similarly, specific and localised tissue
deficiencies can occur and lead to pathological changes. Such
situations can be defined as ‘‘subclinical deficiency’’. The
time course for development of a subclinical deficiency varies
for each micronutrient, and depends upon the nature and
amount of body stores. Figure 1 shows more clearly the
consequences of an inadequate intake.

THE CONSEQUENCES OF A SUBCLINICAL
DEFICIENCY
Metabolic effects with clinical consequences
As the intracellular concentration of micronutrients falls,
metabolic pathways in particular tissues will begin to be
affected. Three examples of this are as follows:

Folate and homocysteine
The essential requirement for folate, in the form of
methyltetrahydrofolate, in ensuring homocysteine is con-
verted to methionine has been recognised for some time
(fig 2). Homocysteine metabolism also requires vitamin B12
and vitamin B6. Homocysteine is an independent risk factor
for coronary artery disease, and a number of trials are
currently underway to investigate clinical benefit of reducing
homocysteine plasma concentration. In one study of 205
patients who had had successful coronary angioplasty,18 six
months’ treatment with folic acid (1 mg/day) B12 (400 mg/
day), B6 (10 mg/day) in comparison with placebo, led to a
reduction in mean plasma homocysteine from 11.1 to
7.2 mmol/l, and a significant reduction in restenosis rate
and the need for revascularisation. Moreover a large meta-
analysis reviewed 72 studies (involving 16 849 cases and
controls), investigating the prevalence of mutation in the
methyl tetrahydrofolate reductase (MTHFR) gene, which
increases homocysteine, and 20 prospective studies (3820
participants) of serum homocysteine and disease risk.19 There
was a high degree of association between homocysteine and
cardiovascular disease. It was estimated that lowering
homocysteine concentration by 3 mmol/l from current levels,
which could be achieved by increasing folic acid intake by
about 0.8 mg/day, would reduce the risk of ischaemic heart
disease by 16%, deep vein thrombosis by 25%, and stroke by
24%.

However, an almost identical study using similar supple-
ments was subsequently published but this time in high risk
patients after coronary stenting.20 The group receiving folate,
B6, and B12 supplements had an increase in the need for
another operation over one year. These conflicting results
probably reflect heterogeneity within the study populations.

Recently, two further trials involving large numbers of
patients have been published. The Norwegian vitamin trial
looked at various combinations of folate and B vitamins, or
placebo in 3749 patients who had had an acute myocardial
infarction.21 After a median of 40 months, there was a 27%
reduction in homocysteine in those treated with folate and
B12, but no effect on myocardial events was seen. In the
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HOPE-2 study, 5522 patients with vascular disease or
diabetes were studied over five years.22 Despite a reduction
in homocysteine, again vitamin treatment had no effect on
myocardial events, but had a marginally significant effect on
stroke. It seems clear therefore that folate does not reduce the
risk of atherosclerosis by reducing homocysteine. The relation
between intermediates in the homocysteine pathway and
mediators of atherosclerosis is therefore complex and
requires much further study.23

Chromium and glucose tolerance
An interesting interaction between a trace element and
substrate utilisation is the role of chromium in improving
insulin action. A low molecular weight intracellular octapep-
tide, known as chromomodulin, binds trivalent chromium
and increases the response of the insulin receptors.24 This has
been seen especially in NIDDM patients,25 but also in non-
diabetic obese subjects with a family history of type II
diabetes mellitus,26 as well as during long term total
parenteral nutrition (TPN).27 There is growing evidence for
the value of added chromium in maintaining glucose
tolerance, reducing body fat, and increasing lean tissue
mass,28 although some of the evidence is conflicting.29 This
may be partly because of the dose used, a study with 100 mg
chromium/day as chromium picolinate being ineffective,29

whereas other studies have found the effective dose to vary
between 200 mg/day and 1000 mg/ day.30 It is clear that
further studies are required to clarify the optimal dose and
type of chromium supplement, and the patient population or
individual patients most likely to benefit.

Zinc and protein synthesis
In an elegant study on 24 stable patients requiring TPN,
Wolman et al31 determined the effects of different amounts of
intravenous zinc provision. The key finding was that most
patients lost substantial amounts of zinc from the gastro-
intestinal tract, but that zinc balance could be achieved by
supplying adequate intravenous zinc. A positive zinc balance
was associated with improved nitrogen retention, and a
better nitrogen balance. Interestingly, plasma insulin was
also found to increase when a negative zinc balance was
converted to a positive one. Adequate zinc provision is
therefore necessary not only to stimulate protein synthesis,
probably as a result of increasing the activity of the many zinc
dependent enzymes in the protein synthetic pathway, but
also to stimulate an adequate insulin response and utilisation
of glucose as well as amino acids.

Other biochemical effects—uncertain clinical
consequences
As so many of the micronutrients are involved in parts of the
antioxidant defence mechanisms, it has been assumed that
suboptimal antioxidant activity will lead to oxidative damage
to tissues or to parts of the cell, with potentially serious
results.

Oxidative damage and coronary artery disease.
Because of the strong link between oxidised low density
lipoprotein and development of coronary artery disease,
together with the lower incidence of coronary artery disease
in countries where there is a high intake of antioxidants, it
has been expected that an increased intake of antioxidants
would reduce the incidence and complications of heart
disease. Some small studies did initially suggest beneficial
effects from taking vitamin E supplements.32 33

However, more recently a number of large scale trials have
failed to show such a benefit, for example, the HOPE study34

studied 9541 patients with high risk of coronary heart
disease, who received 400 IU vitamin E plus ACE inhibitors
and showed no benefit from vitamin E supplements. The

GISSI study35 in Italy failed to show any benefit from the use
of vitamin E in 11 324 patients after myocardial infarction,
although patients did benefit from an increased intake of
polyunsaturated fatty acids.

Moreover, the Medical Research Council/British Heart
Foundation study36 of 20 333 high risk UK adults showed
that an intake of vitamin E (600 mg), vitamin C (250 mg),
and b carotene (20 mg), over a five year period had no
significant benefit on incidence or progression of coronary
heart disease.

A comprehensive review of studies by the American Heart
Association concluded that cardiovascular disease reduction
can be achieved by long term consumption of a well balanced
diet together with regular physical activity, and that there
was no additional benefit from consumption of micronu-
trients at levels exceeding these obtained from such a diet.37

Furthermore, Miller and coworkers38 have published a
meta-analysis of 19 clinical trials examining the role of
vitamin E, either alone (nine studies) or together with other
antioxidants (10 studies) in a total of 135 000 participants.
They concluded that high intake of vitamin E at doses of
.400 IU/day or more carried no benefit, and indeed may
increase all cause mortality. They estimated that the
increased risk might start at doses as low as 150 IU/day.
Supplements of even lower doses than this may however
carry a marginal benefit. A particularly important feature of
this meta analysis is the dose effect of vitamin E. It has long
been believed that the higher the dose of vitamin E the better
would be any potential benefit, and that there were no
harmful effects associated with a high dose. This meta
analysis makes it clear that high doses of any nutrient are
likely to be associated with harmful side effects. If beneficial
effects are obtained by correction of a sub-clinical deficiency,
then the dose needed to do so must be carefully established.

Oxidative damage and neoplastic disease
It has also been assumed that an increased intake of
antioxidants would be beneficial in reducing the incidence
of various forms of cancer, by reducing oxidation induced
mutations in DNA. Indeed this is the most common reason
given in the USA for consumption of such supplements.39

Apart from the studies of selenium, including that mentioned
above, and a study on liver cancer in China40 other studies
have been disappointing. In particular, a study over a five to
eight year period of 29 133 Finnish male smokers who
received b carotene (20 mg), a tocopherol (50 mg), or both,
showed an 18% higher incidence of lung cancer in the b
carotene group, whereas a tocopherol had no effect.41 A study
from the USA of 18 314 smokers, former smokers, and
asbestos workers who received 30 mg b carotene and
25 000 IU vitamin A42 over a four year period, also showed
that the supplemented group had a higher relative risk of
lung cancer of 1.28.

Other studies have provided conflicting evidence. The
nurse health study in USA of 88 758 women showed that
folate intake or supplements for less than 15 years did not
significantly reduce the risk of colon cancer, but greater than
15 years’ supplementation did reduce risk.43 The benefit of
folate seems to be greatest in those taking more than two
alcoholic drinks per day.44 However, in the same group of
women there was a higher incidence of non-Hodgkin’s
lymphoma in those supplemented.45 Other studies have
shown that long term vitamin E (greater than 10 years)
may reduce bladder cancer mortality.46

The concern about supplements and cancer was com-
pounded in a further meta-analysis that showed that with
the possible exception of selenium, antioxidant supplements
did not reduce the risk of gastric or intestinal cancers, but
rather, if anything, somewhat increased that risk by about
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6%.47 This led to the Lancet highlighting in an editorial—‘‘The
prospect that vitamin pills may not only do no good but also
kill their customers is a scary speculation given the vast
quantities that are used in certain communities’’.48

However, interestingly, and on a more positive note, a
recent study of the diet of those who took part in the lung
cancer study performed in Finland41 showed that when an
antioxidant index was used that combined all antioxidants in
foods eaten by the participants, the subjects in the highest
quintiles of antioxidant intakes had a lower incidence of lung
cancer.49 So it would seem that when taken in foods
antioxidants may have a beneficial effect, whereas high dose
purified supplements may be harmful.

There have also been some interesting findings from the
SU.VI.MAX study on 13 000 adults, aged more than 60 years,
from the general population in France.50 A supplement of
comparatively low doses of individual antioxidants (vitamin
C 120 mg, vitamin E 30 mg, b carotene 6 mg, selenium
100 mg, zinc 20 mg) was studied over a median follow up
time of 7.5 years. Although no important differences were
seen in total cancer incidence, ischaemic heart disease, or all
cause mortality, a significant difference was seen between
male and female responses. The sex stratified analysis
showed lower cancer incidence and all cause mortality in
men who took the supplement but not in women. A further
analysis of the data suggested that this might be a result of
the poorer baseline status of b carotene in men, which was
progressively corrected during the period of supplementation.
A further interesting result from this study was that the men
receiving supplements had a lower incidence of prostate
cancer if PSA at the beginning of the study was normal, but
an increased incidence if PSA at baseline was raised.51 The
significance of these results in relation to development of
prostate cancer requires further investigation.

In summary, the situation regarding antioxidant supple-
ments and cancer is currently confused. There would seem
little doubt that a diet rich in antioxidants is likely to
minimise the risk of certain types of cancer, but the situations
where specific supplements may be beneficial requires much
further work to target the populations and the intakes of
micronutrients that may be beneficial, and to limit the
possibility that these may be harmful.

Oxidative damage and eye disease.
The Age Related Eye Disease Study (AREDS) Group52 53

reported the results from a large prospective double blind
placebo controlled study across 11 centres in the USA. The
supplements were of vitamin C (500 mg) plus vitamin E
(400 IU) plus b carotene (15 mg), or zinc (80 mg) plus
copper (2 mg), or both of these. 4629 patients were followed
up for a mean period of 6.3 years. The important conclusions
from this study were firstly that there was no significant
difference in development or progression of age related
cataract. However, there was a significant reduction in the
progression of age related macular degeneration, the combi-
nation of antioxidants together with zinc being most effective
and leading to a reduction of about 25%.

Non-specific functional effects
Immune function
There are many lines of in vitro evidence that have shown the
essential effect of trace elements and vitamins on all aspects
of immune function. It has therefore been assumed that
patients who have subclinical deficiencies of trace elements
and vitamins may be at risk of impaired immune function
and hence an increased risk of infection. This may well be the
case in specific at risk populations such as intensive care or in
some developing countries with chronic poor status of
micronutrients.

Outcome in crit ically il l
Of much interest currently in clinical nutrition is the
situation in critically ill patients, especially those with burns
or in intensive care where the need for antioxidants is likely
to be greatest as a result of the hypermetabolism. This is
compounded by the likelihood of increased losses from
aspirates, fistulas, dialysis, or through damaged skin. A
recent meta-analysis has been published on studies on
antioxidants in the critically ill.54 Most of the studies had
small numbers of subjects, and used quite different supple-
ments, but the meta-analysis did suggest that overall there
may be a reduction in mortality from the use of antioxidants.
In an analysis of single supplements, either selenium or zinc,
there was still a significant effect on mortality.

In a small study on patients in intensive care with severe
infection, large doses of selenium were given for a nine day
period, and were found to lead to a reduced requirement for
renal replacement therapy.55 Our group has also recently
completed a study following the same protocol but we failed
to show any benefit on renal replacement therapy.56

In a trial of high dose vitamin C and E given as
supplements to enteral nutrition, Crimi and coworkers57

found a reduction in mortality from 67.5% in the control
group to 45.7% in the antioxidant supplemented group. This
study is limited by the surprisingly high mortality in the
placebo group. In the same study however, it is interesting to
note the potential value of markers of oxidative damage.
Although both groups started the study with high levels of
plasma isoprostanes and thiobarbituric acid reacting sub-
stances (TBARS), the group receiving antioxidants showed a
significant reduction in both these oxidative damage markers
by the end of the study in contrast with the group receiving
placebo.

Some of the best evidence of benefit in the critically ill has
come from Mette Berger and her colleagues in Lausanne. In a
landmark prospective randomised placebo controlled trial,
high dose zinc, copper, and selenium were supplemented
intravenously over an eight day period after severe burn
injury.58 There was a significant reduction in the number of
episodes of infection per patient, and also reduced length of
stay in the intensive care unit, when this was standardised
for the extent of body surface area burned. Recently, they
have repeated this study with a larger dose of supplements.
Combining the two studies shows a dramatic reduction in the
incidence of hospital acquired pneumonia.59 This study
clearly needs to be confirmed in a multi-centre trial, but
has great potential to reduce nosocomial pneumonia,
especially in burns patients.

Infections in children
Zinc deficiency is prevalent in children in developing
countries where diarrhoea is also an important problem. In
six of nine trials, zinc supplementation significantly reduced
the incidence of diarrhoea, and in five of these there was a
lower incidence of pneumonia.60 Moreover, in acute diarrhoea
trials, zinc supplemented children had a 15% lower prob-
ability of continuing diarrhoea on a given day, and in
persistent diarrhoea trials, there was a 24% lower probability
of continuing diarrhoea.

Vitamin A supplements in populations with poor vitamin A
status, have been shown to reduce mortality from diarrhoea
in community studies, and deaths from pneumonia in
measles studies.61

A possible interaction between zinc and vitamin A status
has been explored by Rahman and colleagues.62 In a study on
800 children (aged 12–35 months) in Bangladesh, a two
week supplement of zinc, vitamin A, both, or placebo was
given to children who were then followed up for six months.
Combined zinc and vitamin A synergistically reduced the
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prevalence of persistent diarrhoea and dysentery.
Interestingly, zinc alone was associated with a significant
increase in acute lower respiratory infection, but this adverse
effect was reduced by interaction between zinc and vitamin
A. In a study of tuberculosis in Indonesia, supplementation
with zinc and vitamin A led to much earlier resolution of
radiological changes and time to sputum negativity.63

In a large recent study in India on residential school-
children with biochemical evidence of poor status for several
micronutrients, a multi-micronutrient supplement did not
reduce the incidence of common childhood infections, but
did reduce the duration of such illnesses.64

HIV infection and AIDS
Weight loss is a common problem in HIV, and patients are
frequently found to have abnormalities of plasma mineral
and trace element concentrations, especially of zinc, sele-
nium, and magnesium.65 There are a number of interacting
factors, including loss of appetite, decreased absorption,
diarrhoeal and urinary losses, and the effects of redistribu-
tion from plasma to tissues as a result of the response to
infection.66

Of special significance is the role of trace elements and
other micronutrients in antioxidant defence. Zinc and copper
are essential for cytoplasmic superoxide dismutase, manga-
nese for the mitochondrial enzyme, and selenium is part of
the prosthetic group of glutathione peroxidase. Loss of
antioxidant activity will lead to increased activation of

nuclear factor-kB (NF-kB), which is a key regulator of HIV
replication.67 There is evidence that decline in plasma
selenium parallels the loss of CD4+ cells, and that low levels
of selenium in children is related to faster disease progression
and to mortality.9 Although supplementation may lead to
biochemical improvement, showing that this leads to
improved clinical outcome remains controversial.68

However, one study does suggest that supplementation will
delay progression of the severity of HIV.69

Selenium deficiency and virulence of infection
Although not directly relating to immune function, another
line of investigation has potential consequences on the
incidence of infection. This is the finding that when a
normally benign strain of Coxsackie B3 virus is injected into
selenium deficient mice, the virus mutates to a more virulent
form that may cause severe cardiomyopathy.70 The viral
genome was found to have mutated in six regions when the
virus was cultured at the end of the study. The same group
has also found that influenza virus causes more severe lung
disease in selenium deficient mice, probably also as a result of
genome mutation—they identified 29 nucleotide changes in
the M1 matrix protein, an internal viral protein.71 The
relevance of these findings to human infectious disease
remains to be established, but if there are comparable effects
in humans, there are implications for optimisation of
selenium status.

Infections in the elderly population
There has also been a belief that elderly people in general,
who often have poor micronutrient status and deteriorating
immune function, would particularly benefit from supple-
ments. This field of work has suffered badly from the recent
revelations regarding falsification of work by Dr Ranjit
Chandra—his publication in the Lancet was one of the few
studies to give credence to the hypothesis that supplements
would reduce infectious disease in an elderly population.72

This study has now been discredited.73

One important study involved institutionalised elderly
patients in France, where 725 patients over 65 years old took
part in a two year double blind placebo controlled trial, where
they received either trace elements (20 mg zinc/100 mg
selenium), vitamins (vitamin C 120 mg, b carotene 6 mg, a
tocopherol 15 mg) or both of these.74 The results were
suggestive, but did not reach statistical significance, of a
reduction in respiratory infections over the two year period in

Key points

N Micronutrients play a central part in metabolism and in
the maintenance of tissue function.

N An adequate intake therefore is necessary to sustain
metabolism and tissue function

N Provision of excess supplements to people who do not
need them may be harmful.

N Clinical benefit of micronutrient supplements is most
probable in those people who are severely depleted
and at risk of complications, and is unlikely if this is not
the case.

N Most clinical trials have failed to show a benefit from
supplements in reducing the incidence of infections in
the elderly population, coronary artery disease, or
malignant disease.

N Supplements of zinc and vitamin A in children in
developing countries have led to reduced diarrhoea
and pneumonia.

N The evidence for benefit from supplements in HIV is
weak.

N There is some evidence for benefit of supplements on
cognitive function in marginally malnourished children,
but no evidence of such benefit in the elderly
population.

N There is good evidence of benefit in critical illness.
There is special interest in selenium supplements.

N Most benefit from micronutrients seems to come from a
well balanced diet.

N The situations where supplements are beneficial in
prevention or treatment of disease requires clarification
by clinical trials.

N Accurate assessment of micronutrient status is difficult,
especially in disease.
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the group receiving trace elements, with intermediate results
for the vitamin groups. This result was however particularly
striking in one individual nursing home with regards to
combined respiratory and urogenital infections, where in the
80 patients studied, the group receiving trace elements alone
had a significant reduction in infections, whereas the groups
receiving vitamins, either alone or together with trace
elements did not.75 Of particular interest in the main study
was the finding that sero-conversion to influenza vaccine was
significantly better in the trace element group alone, and
significantly worse in the group receiving vitamins. This
finding urgently requires to be investigated in future studies,
as it would have implications on whether the elderly
population would benefit more from targeted specific
supplements rather than a general multivitamin and trace
element supplements. We have however been unable to
detect any improvement in sero-conversion by one month’s
supplementation with a balanced trace element and vitamin
preparation.76

Taken overall, a meta-analysis showed that there is little if
any benefit from a multivitamin and mineral supplement, in
terms of incidence of infections in an elderly population,77

and this has recently been confirmed in a large free living
population in Scotland.78

Cognitive function
It has long been thought that supplements of vitamins and
trace elements may improve aspects of cognitive function,
and studies of well school children have suggested that
concentration ability may be improved as a result of such
supplements.79 A large recent study involving residential
schoolchildren in India has shown that 14 months’ supple-
mentation with a well balanced vitamin and trace element
supplement, led to significant improvement in attention-
concentration, but not in IQ, memory, or school achievement
scores.80 A low selenium diet for a 14 week period has been
shown to have a significant negative effect on profile of mood
score.81 A further striking study on prison inmates has shown
that three weeks’ supplementation with vitamins and trace
elements led to a reduction in the number of disciplinary
offences by about 30%.82

An analysis of cognitive function in elderly people taking
part in the AREDS trial, did not show any benefit on
cognitive function of a vitamin C, vitamin E, b carotene, and
zinc supplement.83 On the other hand, in a small study of a
supplement providing energy and micronutrients, some
significant improvements were seen after six months.84

Studies that have used folic acid, vitamin B12, and vitamin
B6, three of the vitamins most likely to improve cognitive
function, found no evidence for any improvement of
cognition or dementia.85 Moreover, a recent study by
Rayman and coworkers86 strongly suggests that in contrast
with previous reports, selenium supplementation does not
improve mood or quality of life in healthy volunteers.

Taken together, these results are inconclusive as to
whether there may be certain sub-groups of the population
with borderline low intakes for which cognitive function may
be beneficially affected by supplements.

Bone function
Postmenopausal women in particular are at risk of osteo-
porosis, and although the disease is not caused by lack of
calcium and vitamin D, adequate provision of these micro-
nutrients is beneficial in maintaining and indeed increasing
bone mass.87 There is a positive correlation between zinc
intake and bone mineral density in middle aged pre-
menopausal women.88 A controlled trial of copper supple-
mentation in middle aged women showed no loss in bone
mineral density (BMD) in the copper supplemented group
compared with a significant decrease in BMD in the control

group.89 A small trial of calcium, zinc, manganese, and copper
supplements showed a positive effect on spinal BMD in post-
menopausal women.90 In addition, there is growing evidence
of the importance of optimal vitamin K intake in carboxyla-
tion of bone proteins and complexation of calcium, to
increase bone mass.91 Specific evidence to optimise dietary
intake is still lacking, and pending the results of future trials,
the current best advice is to ensure a diet high in fruit and
vegetables to ensure adequate intakes of all vitamins and
trace elements.92

HOW TO OPTIMISE PROVISION OF TRACE
ELEMENTS AND VITAMINS
In reaching a decision regarding the amount of provision for
a particular patient, a number of factors should be taken into
account:

N For people who are taking oral diets, whether in the
general population or in hospital, ideally an adequate
intake of micronutrients should be obtained from a well
balanced diet. If such a well balanced diet cannot be
consumed and there is evidence of inadequate micronu-
trient intake, a well balanced supplement of all trace
elements and vitamins designed to deliver at most the RNI
should be given. Indeed, some authorities have recom-
mended provision of a supplement containing roughly half
the RNI for most vitamins and trace elements,93 to allow
for some intake from the oral diet. Whether there are
particular benefits or advantages from use of diets rich in
micronutrients, from a fortified diet, or from artificial
supplements remains to be proved.94

N If a clinical deficiency state is present, the single nutrient
concerned clearly needs to be provided in adequate doses
to correct this. If there is uncertainty whether a deficiency
state is present, then a trial of supplements can reasonably
be given for a two week period.

N In disease, sufficient amounts of all micronutrients must
be provided to prevent clinical deficiency states from
occurring. This entails appropriate use of knowledge of
requirements in health, modified by metabolic state and
increased losses to assess the approximate ongoing daily
requirement. This can then be adjusted for the history of
the patient in terms of the probable recent intake and
estimated losses, to permit an estimate of the amount
required for repletion and maintenance.

N Subclinical deficiency states should be avoided by using
intakes that have been proved to have beneficial clinical
effects in controlled clinical studies.

N Plasma concentrations of trace elements and vitamins
should be interpreted together with an assessment of the
acute phase response, to determine if the trend of results is
likely to be beneficial.66 During an acute phase response to
trauma, infection, or inflammation, there is a fall in serum
zinc, iron, and selenium, and a rise in serum copper. Red
blood cell glutathione peroxidase may be helpful in
evaluating whole body selenium status.

N Biochemical indicators of the efficacy of antioxidant
systems should be considered—although not yet in wide-
spread use, there is substantial evidence of increased
production of markers of oxidative damage such as
malondialdehyde in catabolic illness, and that these can
be reduced by providing extra selenium and zinc, and
other antioxidants.95

N As all micronutrients are potentially harmful if given in
excessive amounts, special care must be used when
providing them intravenously. In any case, high doses
should only be used when there is definite evidence of
such a requirement, for example, in severe burns.
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CONCLUSION
Micronutrients play a central part in metabolism and in the
maintenance of tissue function. An adequate intake therefore
is necessary but provision of excess supplements to people
who do not need them may be harmful. Clinical benefit is
most probable in those people who are severely depleted and
at risk of complications, and is unlikely if this is not the case.
Much more research is needed to characterise better markers
of micronutrient status both in terms of metabolic effects and
antioxidant effects, so that at risk patients can be identified
and supplementation modified accordingly. Large scale trials
of different doses of micronutrients are required with precise
outcome markers to optimise intakes in different groups of
patients as well as in the general population.

SELF ASSESSMENT QUESTIONS (TRUE (T)/FALSE (F);
ANSWERS AFTER THE REFERENCES)

1. Which of the following are regarded as important
dietary antioxidants?

(A) thiamine

(B) ascorbic acid

(C) selenium

(D) zinc

(E) a tocopherol (vitamin E)

2. Which of the following are likely to be inadequate in the
typical UK diet?

(A) thiamine

(B) ascorbic acid

(C) selenium

(D) zinc

(E) a tocopherol (vitamin E)

3. In which of the following is there good evidence of
benefit from micronutrient supplements

(A) vitamin E and coronary artery disease

(B) vitamin C and gastric neoplasm

(C) Multivitamin supplements and community acquired
infections in the elderly population

(D) Mulivitamin supplements and progression of HIV/AIDS

(E) Pneumonia in children in areas of zinc deficiency

4. Which of the following changes are associated with
inflammation

(A) a fall in serum iron

(B) a fall in serum zinc

(C) a rise in serum ferritin

(D) a fall in serum a tocopherol

(E) a fall in serum copper

5. Excess provision of which of the following vitamins has
been associated with increased mortality?

(A) a tocopherol

(B) ascorbic acid

(C) thiamine

(D) riboflavine

(E) pyridoxine
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ANSWERS
1. (A) F, (B) T, (C) T, (D) T, (E) T; 2. (A) F, (B) F, (C) T, (D)
F, (E) F; 3. (A) F, (B) F, (C) F, (D) T, (E) T; 4. (A) T, (B) T,
(C) T, (D) T, (E) F; 5. (A) T, (B) F, (C) F, (D) F, (E) F.

Micronutrients in health and disease 567

www.postgradmedj.com


